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SDUWLFXODULQWKHUHVLGHQWLDODUHD+HDWLQJV\VWHPVVXFKDVDLUVRXUFHKHDWSXPSVWKDWJDWKHUKHDWHQHUJ\IURPWKHDPELHQWDLUDUH
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2.1. Heat pumps 
7UDGLWLRQDOKHDWLQJV\VWHPVDUHXVXDOO\EDVHGRQQRQUHQHZDEOHUHVRXUFHVVXFKDVJDVRLODQGFRDOZKLFKDUH
QRW VXVWDLQDEOHDVRQO\ OLPLWHGDPRXQWVRI WKHPDUHDYDLODEOH%HVLGHV WKH\KDYH VHULRXVQHJDWLYHHIIHFWVRQ WKH
HQYLURQPHQWDQGFOLPDWH7KHUHIRUHDOWHUQDWLYHGRPHVWLFKHDWLQJV\VWHPVJHWPXFKDWWHQWLRQQRZDGD\VVXFKDVWKH
XVHRIDKHDWSXPSHJ±
2.1.1. How does it work? 
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KHDWLQJ QHHGVPRVW HQHUJ\ WKH DLU WHPSHUDWXUH LV ORZ DQG GXH WR WKDW DQ DLU WR ZDWHU KHDW SXPS EHFRPHV OHVV
HIILFLHQWLQXVH
2.1.2. Performance factor of a Heat pump 








B3U   
)RUDQ$6+3WKLVSHUIRUPDQFHIDFWRUPRVWO\YDULHVEHWZHHQDQGHJIRURXWGRRUWHPSHUDWXUHVEHWZHHQ
&DQG&HJ2IWHQLWLVEHWZHHQDQGHJIRUDPELHQWWHPSHUDWXUHVEHWZHHQ&DQG&,WVWURQJO\
GHSHQGVRQ WKHRXWGRRU WHPSHUDWXUHDQG LQSDUWLFXODURQ WKHGLIIHUHQFHEHWZHHQ WKHRXWGRRU WHPSHUDWXUHDQG WKH
ZDWHU WHPSHUDWXUH RI WKH KHDWLQJ V\VWHP 7R EH DEOH WR SUHGLFW WKH SHUIRUPDQFH RI DQ $6+3 PDQ\ GLIIHUHQW
IRUPXODVDUHVXJJHVWHGE\GLIIHUHQWUHVHDUFKHUV6RPHRIWKHVHIRUPXODVDUHUHYLHZHGLQ







2.1.4. Studies about heat pumps in Iran 
8QWLOQRZVRPH,UDQLDQUHVHDUFKHUVKDYHGRQHVWXGLHVDERXWKHDWSXPSV$XWKRUVRIDQGRSWLPL]HDQGGHVLJQ
RIDJURXQGVRXUFHKHDWSXPS*6+3ZLWKYHUWLFDOKHDWH[FKDQJHUVXVLQJGLIIHUHQWDOJRULWKPV:KLOHLQVLPLODU
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ZRUN LV UHSRUWHG IRU D*6+3ZLWKKRUL]RQWDO KHDW H[FKDQJHUV LW LV DOVRGHVFULEHGKRZD*6+3 IRU ,UDQLDQ)XHO




IDFWPRVW UHVHDUFK GRQH DERXW WKH HIILFLHQF\ RI WKH XVH RI KHDW SXPSV LQ ,UDQ MXVW IRFXVHV RQ JHRWKHUPDO KHDW
SXPSVZKLFKEHFDXVHRIUHTXLULQJELJLQLWLDOLQYHVWPHQWDUHQRWWKHEHVWFKRLFHIRUGRPHVWLFXVDJH
2.2. Central concepts of thermodynamic model of a house 
7KLV VXEVHFWLRQ GLVFXVVHV WKH WKHRUHWLFDO EDFNJURXQG FRQFHUQLQJ KHDWLQJ V\VWHPV DQG WKH UHODWLRQ WR RXWGRRU
WHPSHUDWXUH 7RG LQGRRU WHPSHUDWXUH 7LQ DQG FHQWUDO FRQFHSWV FKDUDFWHUL]LQJ D KRXVH VXFK DV KHDW ORVV UDWH İ
GHSHQGLQJRQLQVXODWLRQOHYHORIWKHKRXVHDQGKHDWFDSDFLW\&RIWKHKRXVHGHSHQGLQJRQYROXPHRIWKHKRXVH
DFFRUGLQJWR
7KH HQHUJ\ ORVV RI D KRXVH SHU WLPH XQLW ZLWK LQGRRU WHPSHUDWXUH 7LG DQG ORZHU RXWGRRU WHPSHUDWXUH 7RG LV
SURSRUWLRQDOWRWKHWHPSHUDWXUHGLIIHUHQFHEHWZHHQLQGRRUDQGRXWGRRUWHPSHUDWXUHV7KHSURSRUWLRQIDFWRUİLVWKH
ORVVUDWH
HQHUJ\ORVVGXULQJ't  HTod Tin 't    
7KLVORVVUDWHGHSHQGVRQWKHLQVXODWLRQOHYHORIWKHµVNLQ¶RIWKHKRXVHWKHDUHDLQFRQWDFWZLWKWKHRXWVLGHVXFK
DVWKHZDOOVZLQGRZVIORRUDQGURRI
$QRWKHU FHQWUDO FRQFHSW LV WKH KHDW FDSDFLW\ RI D KRXVH7KH DPRXQW RI HQHUJ\QHHGHG WR LQFUHDVH WKH LQGRRU
WHPSHUDWXUH LV SURSRUWLRQDO ZLWK WKH GLIIHUHQFH ǻ7LG LQ LQGRRU WHPSHUDWXUH 7KH SURSRUWLRQ IDFWRU & LV WKH KHDW
FDSDFLW\














2.3. Energy prices  
,UDQLVDPRQJWKHFRXQWULHVZLWKWKHODUJHVWIRVVLOIXHOUHVHUYHVVSHFLDOO\RLODQGQDWXUDOJDVLQWKHZRUOG$VD
FRQVHTXHQFHWKHSULFHRIHQHUJ\LVPXFKORZHULQFRPSDULVRQWRRWKHUFRXQWULHV0RUHRYHUWKH,UDQLDQJRYHUQPHQW
KDV VXEVLGL]HG HQHUJ\ SURGXFWV VLQFH  DQG WKHVH VXEVLGLHV LQYROYH D PDLQ SDUW RI DQQXDO EXGJHW RI WKH
JRYHUQPHQW+RZHYHUDFFRUGLQJWRWKH³VXEVLG\UHIRUPSODQ´WKHJRYHUQPHQWLVJRLQJWRUHPRYHWKHVHVXEVLGLHV
JUDGXDOO\
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2.3.1. Current prices in Iran 
$WWKHPRPHQWIURP0DUFKIRURQH\HDUWKHELOOVRIHOHFWULFLW\DQGQDWXUDOJDVIRUGRPHVWLFEXLOGLQJVDUH




 0RQWKO\&RQVXPSWLRQ.:K 3ULFH SHU .:K LQ
5LDODQG(XUR,
VWVWHS WR 5 ¼
QGVWHS WR 5 ¼
UGVWHS WR 5 ¼
WKVWHS WR 5 ¼
WKVWHS WR 5 ¼
WKVWHS WR 5 ¼
WKVWHS 0RUHWKDQ.:K 5 ¼

)RU H[DPSOH LI WKH HOHFWULFLW\ FRQVXPSWLRQRI DKRXVH IRURQHPRQWK LV .:K WKHQN:K LV FDOFXODWHG























3ULFH SHUP LQ 5LDO DQG
(XUR
VWVWHS WR WR WR WR 5 ¼
QGVWHS WR WR WR WR 5 ¼
UGVWHS WR WR WR WR 5 ¼
WKVWHS WR WR WR WR 5 ¼
WKVWHS WR WR WR WR 5 ¼
WKVWHS WR WR WR WR 5 ¼
WKVWHS WR WR WR WR 5 ¼
WKVWHS WR WR WR WR 5 ¼
WKVWHS WR WR WR WR 5 ¼
WKVWHS WR WR WR WR 5 ¼
WKVWHS WR WR WR WR 5 ¼
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2.3.2. Real prices in Iran without subsidies 
$OWKRXJKFXUUHQWO\VXEVLGLHVDUHSURYLGHGWKHDLPRIWKHJRYHUQPHQWLVWRJUDGXDOO\GHFUHDVHWKHPLQWKHIXWXUH
,Q WKLVSDSHU WKHFRVWVZLWKDQGZLWKRXWVXEVLGLHVDUHFRQVLGHUHGDQGFRPSDUHG+RZHYHU LW LVGLIILFXOW WRKDYHD
SUHFLVH HVWLPDWLRQ DERXW WKH UHDO SULFHV RI HOHFWULFLW\ DQG QDWXUDO JDVZLWKRXW VXEVLGLHV LQ ,UDQ$FFRUGLQJ WR WKH
GHSXW\PLQLVWHURIHQHUJ\WKHUHDOSULFHRIHOHFWULFLW\LQ,UDQLVDURXQG5LDOV,6HSWHPEHU
+RZHYHU ZH FRXOG QRW ILQG DQ\ VRXUFH DERXW WKH UHDO SULFH RI QDWXUDO JDV 6R ZH KDYH WULHG WR HVWLPDWH LW
DFFRUGLQJWRWKHDYDLODEOHLQIRUPDWLRQ,QWKH\HDUO\EXGJHGSURJUDPRIJRYHUQPHQWIRUWKHUHDOSULFHRI
JDV LVFDOFXODWHGDV5LDOV,,6R WRKDYHDQHVWLPDWLRQDERXW WKH UHDOSULFHRIQDWXUDOJDVDWZHKDYH WR
PXOWLSO\LWWRWKHFKDQJHVRIFRQVXPHUSULFHLQGH[,,,LQ0DUFKWRLQ6RDFFRUGLQJWR
RXUHVWLPDWLRQWKHUHDOSULFHRIQDWXUDOJDVLVDURXQG5LDOVRU¼


















































7DEUL] &ROG   7HKUDQLVWKHFDSLWDORI,UDQDQG7HKUDQ3URYLQFH:LWKPRUHWKDQPLOOLRQSRSXODWLRQ
0DVKKDG    &DSLWDORI5D]DYL.KRUDVDQ3URYLQFHZLWKPRUHWKDQPLOOLRQSRSXODWLRQ









3.2. Scenario used 
,Q WKH VLPXODWLRQ LW LV DVVXPHG WKDW LQGRRU WHPSHUDWXUHV RFFXU LQ D UDQJH RI >7PLQ 7PD[@ :KHQ WKH LQGRRU
WHPSHUDWXUH7LQLVKLJKHUWKDQ7PLQWKHKHDWLQJV\VWHPZLOOEHRIIGXULQJWKLVWLPH7LQZLOOGHFUHDVHGXHWRFRROLQJ
GRZQEHFDXVHRIFROGRXWGRRUWHPSHUDWXUH7KHQHZLQGRRUWHPSHUDWXUHFDQEHFDOFXODWHGDFFRUGLQJWR2QWKH










6LQFH WKLVSDSHU LVEDVHGRQ D VLPXODWRUZHKDYH WRPDNH VRPHDVVXPSWLRQV DERXW WKH IHDWXUHVRI WKHKRXVH
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7DEOH9DOXHRIVRPHSDUDPHWHUVLQRXUVLPXODWLRQV
7PLQ 7PD[ İ & 3HUIRUPDQFHRIJDVKHDWHU (QHUJ\FRQWHQWRIPRIQDWXUDOJDV 3HUIRUPDQFHRIHOHFWULFDOKHDWHU
     N:K 
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7KH DQDO\VLVPDGH LQ WKLV SDSHU XVLQJ VLPXODWLRQ H[SHULPHQWV IRU DOWHUQDWLYH KHDWLQJ V\VWHPV VKRZV KRZ WKH




KLJK IRU WKH FOHDQHU DOWHUQDWLYHV)RU HOHFWULFKHDWHUV WKH VHFRQG UHDVRQSOD\V DQ LPSRUWDQW UROH WKH\XVH D ORWRI
HOHFWULFLW\2QWKHRWKHUKDQGWKH\DUHTXLWHFKHDSWREX\WKHP6RWRPDNHWKHPDQHFRQRPLFDOWHUQDWLYHWKHSULFH











,Q WKLVSDSHU LW LV VKRZQKRZVLPXODWLRQPRGHOVFDQEHXVHG WRILQGRXWZKLFK W\SHRIKHDWLQJV\VWHPFDQEHDQ





 8VLQJ PRUH GHWDLOHG PRGHOV IRU KRXVHV DQG IRU WKH SHUIRUPDQFH RI KHDWLQJ V\VWHPV HJ XVLQJ WKH
LQIRUPDWLRQRIWKHRXWGRRUZLQGDQGKXPLGLW\LQDGGLWLRQWRWHPSHUDWXUH
 $ODUJHSDUWRI ,UDQFRQVLVWVRIGHVHUWV,Q WKHVHFLWLHV WKHUH LVDELJGLIIHUHQFHEHWZHHQGD\ WHPSHUDWXUH
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$FNQRZOHGJHPHQWV
7KHDXWKRUV DUHJUDWHIXO WR0U0RKDPPDG6ROWDQLDQ IURPFHQWUDOEDQNRI WKH ,VODPLF5HSXEOLFRI ,UDQZKR
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